Abstract Extraction conditions for maximum values of protein yield, protein content, sugar content and dry matter of vegetable milk extracts from dehulled Mucuna cochinchinensis bean flour and whole Mucuna cochinchinensis bean flour were investigated using response surface methodology. A Central Composite Design (CCFD) with three factors: temperature (25 to 95°C); extraction time (6 to 74 min.) and water to flour ratio (6 to 24 mL/ g) were used. Data analysis showed that all the factors significantly (p < 0.05) affected the responses variables. The optimal conditions determined for extraction were temperature 63-66°C, water to flour ratio 12-13 mL/g and extraction time of 57-67 min. At these optimum points the protein and sugar contents, extraction yield of protein and dry matter were respectively 14.0 g/100 mL, 4.8 g/100 mL, 53.8 g/100 g, 12.1 g/100 g for vegetable milk produced from dehulled M. cochinchinensis bean flour and 6.4 g/100 mL, 3.5 g/100 mL, 50.0 g/100 g and 8.0 g/ 100 g for vegetable milk extracted from whole M. cochinchinensis bean flour milk. The optimal condition was -Vegetable milks from whole and dehulled mucuna seeds flours were successfully produced by optimization using a central composite design; -Second polynomial models were established to significantly describe the variation in protein content and yield as a function of extraction time, temperature and water to flour ratio; -The protein content, protein yield and dry matter of the milk increased as the extraction time increase, while increase followed by decrease was observed when temperature and ratio increased; -Optimal conditions determined by superposition of response contours plot and by using desirability function did not varied significantly with dehulling; treatment; -The protein content of milk produced at optimal condition was 14 % for dehulled mucuna flour and 6.4 % for whole mucuna flour, while no consistent differences were observed on protein yield, dry matter and carbohydrates content. 145-157 DOI 10.1007145-157 DOI 10. /s13197-015-1765 verified at the optimum points for model validation and the response values were not significantly different from the predicted values.
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Introduction
Mucuna pruriens var. cochinchinensis is an underutilized tropical legume which has a nutritional quality comparable to soya beans and other conventional legumes as it contains similar proportions of proteins, lipids, minerals, and other nutrients. They are traditionally used as a soup thickener by rural population in Far-North region of Cameroon. Outside Cameroon, the seeds are also eaten by Ibos in south-eastern Nigeria, Indian tribal sects, Mundari and Dravidian groups (Adebowale et al. 2005) . Although Mucuna seeds contain high levels of protein and carbohydrate, their utilization is limited due to the presence of a number of anti-nutritional/ anti-physiological compounds such as phenolics, tannins, LDopa, lectin and protease inhibitors which may reduce the nutrients utilization (Balogun and Olatidoye 2010) .
In order to improve Mucuna utilization, several investigations have attempted to eliminate anti-nutritional factors by simple processing techniques (Diallo and Berhe 2003; Egounlety 2003; Gurumoorthi et al. 2013; Mugendi et al. 2010 ). In our previous work, we evaluated the effects of preboiling and dehulling on the physico-chemical, functional and pasting properties of two varieties of Mucuna pruriens bean flour (Mang et al. 2014) . The results showed that pretreated M. pruriens var. cochinchinensis beans flours exhibited high water solubility index (50 to 70 %) which was correlated with their high protein content. This property makes them a good candidate for the production of vegetable milk, an alternative to cow milk for the management of protein malnutrition in developing countries and reduction of metabolic disorders (Ngatchic et al. 2013) . In addition our recent study revealed that the pre-soaking/boiling process significantly reduced the antinutrients in the flour (Mang et al. 2014) .
Vegetable milk is a water extract of leguminous seeds/ flours that is a source of proteins and calories for human consumption (Touba et al. 2013) . It may be produced by soaking and grinding full-fat raw beans with water to produce a slurry, subject to filtration (Chan and Beuchat 1992) . Alternatively, it may also be produced by grinding unsoaked roasted beans, raw full-fat, or partially defatted beans to form flour to which water may later be added to make an emulsion (Isanga and Zhang 2009) . Heating is commonly applied during the vegetable milk process, mostly to ensure food safety and extend the shelf life of the product. It has been advocated that cow milk production should be substituted with vegetable milk production, especially where the former is difficult and expensive. It often has lower fat content than cow milk and contains no cholesterol (Rehman et al. 2007 ). This is regarded as one of its positive health benefits. The absence of lactose in vegetable milk also positions it as a solution to lactose intolerance for some consumers of dairy milk, especially infants with such biochemical challenge (Ikya et al. 2013) . Beside mucuna protein isolate has been shown to exhibit antioxidant and hypolipidemic activity (Ngatchic et al. 2013) .
Several studies are reported on production of soya milk, sesame milk, and peanut milk (Isanga and Zhang 2009; Malaki et al. 2008; Mullin et al. 2001; Rinaldoni et al. 2012) . In all cases, the bean flour to water ratio, temperature and time of extraction vary greatly from one legume seed variety to another and between producers. In overall and in the limit of our knowledge, very few if not such studies have been conducted on production of Mucuna milk. It is important therefore to find out the optimum conditions for extraction of Mucuna milk in order to obtain the highest extraction yield of proteins, proteins content, sugar content and dry matter. In fact, in the extraction processes, there are multiple independent variables affecting the responding factors. In addition, the possibility of interactions between the independent variables should be considered in order to determine the optimal experimental conditions (Cui et al. 1994) . Response surface methodology (RSM) has been reported to be an effective tool and successfully used for optimization of a process when the independent variables have a combined effect on the desired response (Koocheki et al. 2008; Wu et al. 2007 ). The technique provides mathematical and statistical procedures to study relationships between one or more responses (dependent variables) and a number of factors (independent variables) (Diniz and Martin 1996) .
Therefore, the present work aims at optimizing the water to flour ratio, time and temperature of extraction for Mucuna cochinchinensis milk production using the response surface methodology.
Materials and methods

Sampling and production of Mucuna bean flours
Mucuna bean flour was produced using the modified method of Ngatchic et al. (2013) . Mucuna pruriens seeds (var. cochinchinensis) were obtained from the International Institute of Tropical Agriculture (IITA) of Yaounde, Cameroon. Dried beans were carefully cleaned, sorted to remove defective ones and graded according to size. Bean samples were soaked in distilled water (1:10, w/v) in a controlled temperature water bath at 35°C for 48 h. Steep water was replaced every 12 h. At the end of soaking, seeds were divided into two sets: one part of seeds was dehulled manually and the other one was left whole. Each of the two portions of beans (whole and dehulled) was poured into boiling water (100°C) and cooked for 1 h. The cooked beans were then dried in a ventilated electric turning dryer (brand Riviera & Bar) at 40 ± 2°C for 48 h. After drying, processed bean samples were separately ground into fine flour using an electric grinder (Culatti, Polymix, France) equipped with a sieve of diameter 500 μm mesh. The obtained whole and dehulled cochinchinensis bean flours were sealed in polyethylene bags and stored at 4°C until analysis. Table 1 (Mang et al. 2014) shows the proximate composition of the whole and dehulled mucuna flours.
Production of mucuna milk
The production of vegetable milk from Mucuna cochinchinensis bean flour was performed using a method described by Amir et al. (2011) with some modifications. The flour was blended with distilled water (water to flour ratio variations 6 to 24 mL/g). The slurry was stirred at 3500 rpm using an electric stirrer (TECHNICON stirrer motor, England) under different extraction time (6 -74 min.) and temperature (25 -95°C) conditions. After incubation, the sample was centrifuged at 1500 g for 15 min. at 20°C using refrigerated ultracentrifuge. The supernatant was collected and the residues were re-extracted in the same conditions. The collected supernatants were combined and packaged in 100 mL volumetric glass vessels and stored at 4°C in a refrigerator for analysis within a maximum of 4 h. The experimental design for conditions of mucuna milk production is shown in Table 2 .
Determination of the response variable
Four response variables were used in this work: the protein and total sugar contents, protein yield, and dry matter of vegetable milks. Total protein content was determined using the method of Lowry et al. (1951) . The yield extraction of protein, expressed in percentage, was calculated as the ratio of total proteins extracted to the initial amount in flour. Total sugar content of milk was determined after digestion in concentrated sulfuric acid followed by analysis with aqueous phenol as described by Dubois M and Hamilton JK (1956) ). Dry matter of vegetable milk was determined after drying at 105°C following the AOAC (2003) gravimetric method.
Experimental design and statistical analysis
Response surface methodology (RSM) was used to estimate the effect of independent variables (extraction time, X 1 ; extraction temperature, X 2 ; and water to flour ratio, X 3 ) on the protein and carbohydrate contents (g/mL), yield extraction of protein (%, g/100 g of flour) and dry matter (%, g/100 g of milk) of Mucuna cochinchinensis milk. A Central Composite Rotatable Design was employed for designing the experimental data. The design variables used in this study with actual and coded levels are shown in Table 2 . All experiments were conducted at three replicates.
The RSM was applied to the experimental data using commercial statistical package Minitab.16 software (Montgomery 2001) . Experiments were randomized in order to minimize the effect of unexplained variability in the observed responses due to extraneous factors. The experimental design was composed of 17 experiments including 2 3 full factorial design points, six star points and three center points to calculate the repeatability of the method. Correspondences between coded and actual values investigated are presented in Table 2 . The response variables were related to the coded factors (X i , i = 1, 2 and 3) by a second order polynomial using the equation below:
The coefficients of the polynomial model were determined using the numerical optimization analysis design option of Minitab statistical package. The significant (p < 0.05) terms in the model were found by analysis of variance (ANOVA) for each response. The model adequacies were checked by lackof-fit test, R 2 , adjusted-R 2 (adj-R 2 ), and p-values as outlined by previous studies (Hamed et al. 2008; Karazhiyan et al. 2011 . The coefficient of determination, R 2 , is defined as the proportion of the variation in the response variable attributed to the model. It was suggested that for a good fitting model, R 2 should not be less than 80 % (Joglekar and May 1987) .
Optimization procedure
After generating the polynomial regression equations relating the responses to the independent variables studied, the optimization procedure was performed to obtain the optimal levels of the three factors (X 1 , X 2 ; and X 3 ). Numerical optimization was also carried out to determine the exact optimum level of independent variables leading to the desirable vegetable milk in terms of the response variables. The desired goals for each response variable were chosen as maximized while all the factors were kept within range. The optimal condition that depends on the factors was obtained using the predicted equations determined by RSM. These equations were computed graphically for deduction of workable optimum conditions. Therefore, the fitted regression models were expressed as contour plots in order to visualize the relationship between the response variables and experimental levels of each factor and to deduce the optimum conditions. For graphical optimization, contours plots were plotted by keeping one variable constant at the center point and varying the other two variables within the experimental range (Razavi et al. 2009; Mason et al. 2003) . In addition the desirability function was used for achieving optimization with multiple responses. In fact multiple responses can be combined into one response called "desirability function" by choice of value from 0 (one or more product characteristics are unacceptable) to 1 (all product characteristics are on target). The general idea of this method is to compute a desirability value, d i , for each response that is a measure of how close the fitted value with the optimal settings of the factors is to the desired value, and use these values to form the composite desirability for k response variables given by D = (d 1 xd 2 x…….d k ) 1/k (Derringer and Suich 1980) . Response surface and contours plots were generated with Sigma plot 12.0 software.
Validation of models
The adequacy of response surface models for predicting the optimum response values was verified by conducting experiments in triplicate under the recommended optimum conditions. The experimental and predicted values of the responses were compared using a t-test analysis for comparison of a mean to a theoretical value in order to check the validity of models.
Results and discussion
Model fitting
The analysis of variance of the second-order polynomial response surface model and significance of the terms of the models are presented in Tables 3 and 4 for whole and dehulled mucuna, respectively. The analysis revealed that adding terms up to quadratic level significantly improved the model and, therefore, could be the most appropriate model for the four response variables. The estimated regression coefficients of the polynomial response surface models along with the corresponding R 2 values and lack of fit tests are also given in Tables 3 and 4 . All the terms in the models were significant as revealed by F-ratio and p-value. The most significant variables affecting the variation of the four response variables studied were the linear terms. In all cases the regression models were significant (p < 0.05) as shown by the analysis of variances, the lack of fit analysis and the R 2 . The R 2 values for these response variables ranged 0.962-0.999 higher than 0.80, thus ensuring a satisfactory fitness of the regression models to the experimental data.
Effect of factors on the protein content and protein yield of whole and dehulled mucuna milk
The protein content in dehulled mucuna milk was significantly (p < 0.05) higher than that produced with whole bean flour in all the experimental points. This difference has been ascribed to the complexation of proteins by tannins and polyphenols present in the bean hull. From Tables 3 and 4 , it may be observed that among the model coefficients, three were not significant for whole mucuna flour: temperature and its interaction with time or flour to water ratio, while all coefficients were significant for dehulled mucuna. In all cases, temperature and water to flour ratio together with their interaction had positive effect on the protein content while their quadratic effects were negative. The contour plots showing the combined effect of temperature and flour to water ratio on the protein content in mucuna milk are presented in Fig. 1 . Similar behaviors were observed for both whole and dehulled mucuna milks but the protein content was lower and did not varied significantly with temperature for whole mucuna milk. Figure 1 also shows a strong interaction effect of all the factors on the protein content of the vegetable milk. In fact at low water to flour ratio, increase in time led to systematic significant increase in proteins while at higher ratio (>15/1), increase in time led to an increase in protein content up to a maximum around 30-40 min. over which a decrease was observed. Reversely at low extraction time, increase in ratio led to significant increase in protein content up to a maximum around the ratio 15/1 over which the protein content decreases; while at higher extraction time increase in ratio tends to a systematic decrease in protein content. This result reflects the solubility dynamism involved during the extraction process. In fact at low water level, proteins diffused from flour into water and are solubilized by establishment of hydrogen bonds with water. Theoretically diffusion of proteins will continue until a saturation of the solution is achieved. Higher will be the quantity of flour in solution, faster the saturation will be achieved. At saturation, proteins tend to aggregate and precipitate. Increase in temperature seemed to accelerate the achievement of this saturation observed around temperature 55°C over which a decrease in protein content was observed (Fig. 1) . Moreover, increasing temperature could promote mass transfer and solubility, reduce viscosity ). The decrease in protein content with increasing temperature over 60°C might also be due to the thermal denaturation of the proteins, hence the lower proteins solubilization (Kumoro et al. 2010) . The extraction yield is a parameter that gives an idea of the relative quantity of proteins extracted from the flour, as compared to the protein content which is an indicator of the absolute quantity of proteins in the extract. For an extraction of proteins to be optimized, it should maximize not only the content of protein in the extract, but also the quantity of proteins removed from the flour. Fortunately some similarities were observed between the behaviors of both (protein content and protein yield) response variables with function of extraction time, extraction temperature and water to flour ratio as shown by the correlation between both parameters. In fact significant linear correlation coefficients of 0.54 (p < 0.02) for whole mucuna and 0.77 (p < 0.001) for dehulled mucuna, were observed between protein content and protein yield. Compared to protein content, the coefficients of the polynomial models related to the change in protein yield revealed similar linear effect of time and quadratic effect of all factors (Tables 3 and 4) . The typical contour plots showing the combined effect of extraction time, temperature and water to flour ratio on protein yield are presented in Fig. 2 . The curves showed less interaction effects between the factors as confirmed by the coefficient in Tables 3 and 4 which were not significant excepted time vs. temperature interaction which was significant (p < 0.03) for dehulled mucuna flour. In addition and in conformity with the variation in protein content, the curves of change in protein yield were similar for whole and dehulled mucuna. In this respect, protein extraction yield increased significantly (p < 0.05) with increase in temperature to a maximum around 60°C from which further increase in temperature resulted in decrease. In addition increase in time led to linear significant increase in protein yield. This change in yield with time was observed irrespective of the temperature for whole mucuna flour. However for dehulled mucuna flour, no significant effect of time was observed at high extraction temperature. Similar quadratic change in protein yield with extraction temperature has been reported for boat-fruited sterculia seeds (Wu et al. 2007 ). The water to flour ratio followed an effect similar to that of temperature. In fact, an increase in yield was observed as the ratio increased up to an optimum around a ratio of 16 mL/g from which a decrease in yield was observed.
Total sugar content
Vegetable milk is a combination of proteins and sugars which formed the bulk and nutritive part of the product. This study was performed in order to maximize both nutrients which behaviors were shown to be quite different. In fact no significant correlation was observed between the total sugar content and neither the protein content (r = 0.41, p = 0.10 for whole and r = 0.26, p = 0.10 for dehulled mucuna flour), nor the protein yield (r = 0.03, p = 0.89 for whole and r = 0.29, p = 0.27 for dehulled mucuna flour). In addition all the linear, interaction and quadratic effects were significant (p < 0.05) in the exception of the quadratic effect of time for dehulled (Tables 3 and 4 ). All the linear effects were significant in the case of either whole mucuna or dehulled mucuna suggesting that increase in either extraction time, temperature, and water to flour ratio tends to increase the total sugar content in the milk. The largest effects were the linear terms followed by the interactions terms. The corresponding graph showing these effects are presented in Fig. 3 . From the plot it can be seen that when extraction temperature was increased from 25 to 95°C, the sugar content of mucuna milk increased. In addition increase in time led to significant increase in total sugars. The effect of time was much important at high temperature and vice versa, suggesting synergism effects of both factors on the sugar content in the milk as confirmed by the significant and positive interaction observed in the Anova (Tables 3 and 4) . As for protein content and yield, similar curves were observed for whole and dehulled mucuna flour with dehulled mucuna exhibiting high contents of sugar. The high content of sugar in dehulled sample might be due to the increase hydrolysis of polysaccharides at higher extraction temperatures and long exposure time as demonstrated recently on Lepidium sativum seed (Karazhiyan et al. 2011) . Reverse effect of water to flour ratio was observed on sugar content. In fact increase in water to flour ratio tends to decrease the total sugar level and this effect seems to be more important at high extraction time and temperature. The effect of water to flour ratio seemed to follow the normal order, in the way that increase in water normally lead to the dilution of the constituent, and then a decrease in the content. The difference between the change in protein and sugar content in the vegetable milk is probably a consequence of the low solubility of sugars mainly composed of whole starch, amylose and amylopectine in our samples, although mucuna seeds were boiled before extraction.
Dry matter
The dry matter represents all the components other than water in the extract such as proteins and sugars. In the present study the change in dry matter was mostly influenced by the change in protein content as referred to the highly significant correlation between dry matter and protein content (r = 0.91, p < 0.001 for whole; r = 0.95, p < 0.001 for dehulled mucuna flour) while the correlation coefficients with sugar content were not significant (r < 0.24). Similarities between protein content and dry matter variations can also be observed on the linear, interaction and quadratic effects in the models shown in Tables 3 and 4 . These data showed that irrespective of the pretreatment, linear and interaction effects of time and water to flour ratio were significantly (p < 0.01) positive, while the quadratic effects were negative. Linear and interaction effects of temperature were negative and less important compared to time and water to flour ratio. In addition the linear and interaction effects of time and water to flour ratio were significantly higher for dehulled mucuna than for whole mucuna flour, suggesting high extraction of dry matter in dehulled sample. However the behavior of the variations in dry matter of dehulled or whole mucuna samples with the factors were quite similar. The typical contour plot of changes in dry matter vs. time, temperature and water to flour ratio is presented in Fig. 4 . This plot revealed that dry matter content of vegetable milk increased with increase in temperature extraction up to 60°C from which further increase in temperature resulted in decrease of dry matter. In addition increasing extraction time was accompanied by an increase in the dry matter content of vegetable milk. Many studies on other food stuffs revealed similar effects of extraction time and temperature (Dua et al. 2009; Fikselová et al. 2008) . These results suggested that prolonged extraction time might have resulted in leaching out of high amount of compounds into water, and in particular proteins. The quadratic effect of water to flour ratio can also be visualized in Fig. 4 which shows an optimum dry matter, around the ratio of 16 ml/g. Optimization procedure Optimum was achieved graphically by identifying zones of maximum protein content and yield, total sugar and dry matter. Intersection of optimal extraction zones identified in all the contours plots shown above for milk extracted from whole cochinchinensis bean flour corresponded to the range temperature of 40-70°C, water to flour ratio 6 -17 mL/g and time of extraction of 30-74 min. while the corresponding optimal zone for dehulled M. cochinchinensis bean flour was 40-65°C for temperature, water to flour ratio 6 -17 mL/g and time of extraction 35-74 min. As expected the computed optimal condition of milk extraction given in Table 5 was within the optimum zone determined graphically. No remarkable difference existed between the optimal condition of extraction from dehulled mucuna and whole mucuna flour. However, as expected the predicted response variables at the optimal condition were significantly lower for whole mucuna milk than for dehulled mucuna milk. Protein extraction yield, total sugar and dry matter were quite in the same range values, but the protein content in dehulled was twice the value in the whole mucuna milk. In order to achieve the optimization with all the responses, the desirability function was used. It describes the variation in probability to achieve the maximization of the response variables. Figure 5 presents the typical surface plot of the variation in desirability function as influenced by the factors variables. The plot revealed that desirability increased with increase in extraction time in a linear manner while peak desirability was observed at temperature around 60°C and water to flour ratio around 16 mL/ g. In addition significant interaction can be visualized between water to flour ratio and extraction time. The optimization procedure indicated that the overall optimum regions had a desirability of 0.94 for dehulled M. cochinchinensis bean flour milk and 0.92 for whole M.cochinchinensis bean flour milk.
Validation of the models
The observed experimental values and fitted values predicted by the response surface models are presented in Table 6 .
Protein and sugar contents of M. cochinchinensis milk produced at optimum condition were higher than corresponding values of 3.71 and 0.84 % reported for peanut milk (Isanga and Zhang 2009 ). Equally corresponding values of 2.84 and 5.49 % reported for cow milk were significantly lower than ours (Isanga and Zhang 2009 ). Much high value of protein content (7.64 %) was recently reported for soya milk (Manhal and Kamal 2010) . The high protein and sugar contents of mucuna milk make it a good potential candidate for the management of protein calorie malnutrition.
The adequacy of the model equations for predicting the response values was tested by comparing the experimental and predicted values at optimum condition. In this respect no significant difference was observed between the experimental and the predicted values. Closeness between the experimental and predicted values under the optimum region indicated the suitability of the corresponding models. In addition very high correlation coefficients (0.95 to 0.99) between experimental responses and predicted values in the experimental domain also confirmed the adequacy of the model.
Conclusion
The protein content, protein yield, sugar content and dry matter of mucuna milk vary significantly with extraction time and temperature, and water to flour ratio. All the response variables increase continuously with increase in extraction time, while for ratio and temperature the response variables firstly increase followed by a decrease in a quadratic manner. Similar effects of the factors were observed for whole and dehulled mucuna flour but the response variables were much high for dehulled mucuna flour. The optimization procedure indicated that the overall optimum region with high overall desirability (D = 0.937 for dehulled bean flour milk and D = 0.921 for whole bean flour milk) was obtained by setting the experiment at temperature 63°C, extraction time 67 min., and water to flour ratio 12:1 mL/g for whole M. cochinchinensis bean flour; 66°C, 57 min. and 13:1 mL/g for dehulled M. cochinchinensis bean flour. In these conditions, the dehulled mucuna milk contains up to 14.6 g/100 mL protein content and 4.7 g/100 mL total sugar content, values which provide to mucuna milk a potential role in the management of protein malnutrition in developing countries. The respective values for the whole mucuna milk are 6.6 g/100 mL and 3.5 g/ 100 mL. Mucuna milk also represents a food value for food industries which can add a new source of proteins in their list of ingredients. But the nutritional properties of the mucuna milk needs to be investigated. These results provide innovativeness approach for recovery proteins from underutilize M. cochinchinensis beans, a low cost source of proteins. 
